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buses (70. 72). provides a differential output based on the values stored by a selected one of the column readout circuits (52). 
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CHARGE-DOMAIN ANALOG READOUT FOR AN IMAGE SENSOR 

BACKGROUND 

The present disclosure relates, in general, to 
image sensors and, in particular, to charge -domain analog 
readout circuits for such sensors. 

Image sensors find applications in a wide variety 
of fields, including machine vision, robotics, guidance 
and navigation, automotive applications, and consumer 
products. I^n many smart image sensors, it is desirable 
to integrate on-chip circuitry to control the image 
sensor and to perform signal and image processing on the 
output image. Unf ortun-ately , charge -coupled device 
(CCD) , which have been one of the dominant technologies 
used for image sensors, do not easily lend themselves to 
large scale signal processing and are not easily 
integrated with CMOS circuits. Moreover, a CCD is read 
out by sequentially transferring the signal charge 
through the semiconductor, and the readout rate is 
limited by the need for nearly perfect charge transfer. 

Active pixel sensors (APS) , which have one or more 
active transistors within the pixel unit cell, can be 
made compatible with CMOS technologies and promise higher 
readout rates compared to passive pixel sensors. Active 
pixel sensors are often arranged as arrays of elements, 
which can be read out, for example, a column at a time. 
Each column can be read out at one time, driven and 
buffered for sensing by a readout circuit. 

An exemplary voltage mode circuit is shown in FIG. 
1, Each column, such as the column 10, includes a 
source -follower 12. The column 10 is enabled by a switch 
14 to drive its output onto a common bus line 18 . Other 
columns such as 16 can alternately be driven onto the bus 
> line 18. The bus line includes an inherent stray 

capacitance shown as 20. Typically, a single constant 
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current 22 is used in common for all the source - 
followers . 

The source -follower 12 is formed with a drain, 
source, and gate. The speed of such a source -follower 
can be increased by increasing the channel length which 
also requires increasing the current on the source 22 . 
However, increasing the channel length has the 
undesirable effect of increasing the stray capacitance 
20, thereby decreasing the speed. Such a trade-off 
results in a little improvement in speed because the 
increase in capacitance tends to offset the increase in 
power . 

Accordingly, it is desirable to provide a circuit 
which has improved capacity for reading out signals from 
an array of active pixel sensors. 
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SUMMARY 

In general, according to one aspect, a charge - 
domain readout circuit includes multiple column readout 
circuits each of which can sample and store signal and 
5 reset values of an active pixel sensor. Each of the 
column readout circuits is associated with a respective 
column of sensors in an active pixel sensor array. The 
charge-domain readout circuit includes a first bus for 
receiving the signal value stored by a selected one of 
10 the column readout circuits and a second bus for 

receiving a^^reset value stored by the selected one of. the 
column readout circuits. An operational amplifier-based 
charge sensing circuit maintains a substantially constant 
voltage on the first and second buses and provides a 
15 differential output based on the values stored by the 
selected one of the column readout circuits. 

According to another aspect, a CMOS imager 
includes an array of active pixel sensors and a charge- . - 
domain readout circuit similar to that just described. 
2 0 Various implementations include one or more of the 

following features . Each column readout circuit can 
include multiple sample and hold circuits. Each of the 
sample -and-hold circuits can include a charge storage 
element and a first switch which selectively can be 
25 enabled to sample a value from a sensor in the array to 
be stored by the charge storage element. For example, 
each column readout circuit can include multiple 
capacitive elements for storing correlated double sampled 
signal and reset values from a sensor in the array. Each 
3 0 column readout circuit can include second switches which 
selectively can be enabled to hold one side of the charge 
storage elements at a reference voltage when a 
corresponding one of the first switches is enabled to 
sample a value from a sensor. In some implementations, 
35 each column readout circuit includes a switch, such as a 



wo 99/46929 



PCT/US99/05278 



- 4 - 

crow-bar switch, which selectively can be enabled to 
short together one side of each charge storing element. 

The charge sensing circuit can includes, for 
example, a first switched integrator coupled to the first 
bus and a second switched integrator coupled to the 
second bus. Each of the switched integrators can include 
an operational amplifier, a feedback capacitive element 
coupled between an output and a first input of the 
operational amplifier, and a switch coupled between the 
output and the first input of the operational amplifier 
to selectively reset the switched integrator. 

Each operational amplifier can have a reference 
voltage coupled to its second input. The switches in the 
switched integrators selectively can be enabled to hold 
one side of a corresponding one of the charge storage 
elements in a sample-and-hold circuit at the reference 
voltage when a corresponding one of the first switches in 
the sample-and-hold circuit is enabled to sample a value 
from the sensor. 

According to another aspect, a method of reading 
out values from active pixel sensors in an array of 
sensors includes selecting a row of sensors whose values 
are to be read out and storing correlated double sampled 
values for multiple sensors in the selected row. The 
5 values for each sensor are stored by a respective readout 
circuit associated with a column in the array in which 
the sensor is located. The method also includes sensing 
the stored values associated with the sensors in the 
selected row using an operational amplifier-based charge 
0 sensing circuit that is common to the readout circuits. 
A differential output is sequentially provided from the 
sensing circuit for each of the sensors in the selected 
row.. 

In various implementations, the act of storing 
5 correlated double sampled values can include sampling and 
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storing a signal value of a sensor and sampling and 
storing a reset value of the sensor. The method can 
further include setting a reference voltage on first 
sides of respective capacitive elements and subsequently 
coupling the signal and reset values to second sides of 
the respective capacitive elements. The reference 
voltage can.be provided from the common operational 
amplifier-based charge sensing circuit. Furthermore, 
sensing the stored values can include using a crowbar 
switch to force charge stored in each respective readout 
circuit ontp feedback capacitive elements in the 
operational amplifier-based charge sensing circuit. 

In the present description, the functions 
performed with respect to columns and rows of pixels in 
an array can be reversed- Accordingly, a reference to a 
column in a two-dimensional pixel sensor array should be 
understood as referring to one or more pixel sensors 
along one axis of the array, and a reference to a row in 
the array should be understood as referring to one or . 
0 more pixel sensors along a second axis of the array, 
where the second axis is orthoganol to the first axis. 

Various implementations include one or more of the 
following advantages. Sensing charge injected onto a bus 
line using a charge-sensitive operational amplifier-based 
5 circuit allows the voltage on the bus to remain 

substantially constant- That, in turn, permits the 
stored pixel values to be read out at a high rate. In 
.addition, the column readout circuits can be simplified 
by coupling the sampling capacitors directly to the bus. 
0 The column drivers and the column readout circuits can, 
therefore, be relatively small. In addition, the ability 
of the charge-domain readout circuit to operate in a 
double sampling differential mode with a crowbar circuit 
can provide very sensitive performance. For example, 
iS sampling both the reset and signal levels allows 
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correlated double sampling (CDS) to be performed which 
can reduce various types of noise . Use of the crowbar 
switch can help reduce fixed pattern noise (FPN) which is 
dominated by column- to- column variations due to the 
5 column parallel readout structure. 

Other features and advantages will be readily 
apparent from the following description, accompanying 
drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 FIG. 1 illustrates a active pixel sensor array 

with a conventional common readout bus line. 

FIG. 2 is a block diagram of an exemplary CMOS 
active pixel sensor chip. 

FIG. 3 is a block diagram of an array of active 
15 pixel sensors and a readout circuit. 

FIG. 4 illustrates one embodiment of an active ■ 
pixel sensor with a readout circuit . 

FIG. 5 is a timing diagram associated with FIG. 4. 
FIG. 6 is an exemplary circuit for operational 
20 amplifiers used in the circuit of FIG. 4. 

FIG. 7 illustrates another embodiment of an active 
pixel sensor with a readout circuit . 

FIG. 8 is a timing diagram associated with FIG. 7. 

DETAILED DESCRIPTION 

25 FIG. 2 shows an exemplary CMOS active pixel sensor 

integrated circuit chip that includes an array of active 
pixel sensors 30 and a controller 32 which provides 
timing and control signals to enable reading out of 
signals stored in the pixels. Exemplary arrays have 

30 dimensions of 128 by 128 pixels or 256 by 256 pixels, 
although, in general, the size of the array 30 will 
depend on the' particular implementation. The imager is 
read out a row at a time using a column parallel readout 
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architecture. The controller 32 selects a particular row 
of pixels in the array 30 by controlling the operation of 
vertical addressing circuit 34 and row drivers 40. 
Charge signals stored in the selected row of pixels are 
provided to a readout circuit 42. The pixels read from 
each of the columns then can be read out sequentially 
using a horizontal addressing circuit 44. Differential 
pixel signals (VOUTl, V0UT2) are provided at the output 
of the readout circuit 42 . 

As shown in FIG. 3, the array 3 0 includes multiple 
columns 49 qf CMOS active pixel sensors 50, Each column 
includes multiple rows of sensors 50. Signals from the 
active pixel sensors 50 in a particular column can be 
read out to a readout circuit 52 associated with that 
y column. Signals stored in the readout circuits 52 then 
can be read to an output stage 54 which is common to the 
entire array of pixels 30. The analog output signals can 
then be sent, for example, to a differential analog- to- 
digital converter (ADC) . 
3 FIG. 4 illustrates a single CMOS active pixel 

sensor 50 with an exemplary column readout circuit 52, 
which is common to an entire column 4 9 of pixels, and an 
exemplary output stage 54, which is common to the entire 
array of pixels 30. 
5 The pixel 50 has a photo- sensitive element 60 

buffered by a source -follower transistor 62 and a row 
selection switch which can be implemented by a transistor 
64. A signal (ROW) is applied to the gate of the row 
selection transistor 64 to enable a particular row of 
0 pixels. In one implementation, the element 6 0 includes a 
photogate with a floating diffusion output separated by a 
transfer gate. The pixel 50 also includes a reset switch 
which can be implemented as a reset transistor 66 
controlled by a signal (RST) applied to its gate. 
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The column readout circuit 52 includes a load 
transistor Ml of the source- follower 62 with a signal 
(VliN) applied to the gate of transistor Ml, and two 
sample- and-hold circuits for storing the signal level and 
5 reset level of a selected pixel- Sampling both the reset 
and signal levels allows correlated double sampling (CDS) 
to be performed which can reduce reset noise associated 
with the pixel as well as noise associated with the 
source -follower transistor 62. One sample- and-hold 

10 circuit includes a switch, implemented as transistor M2 
in FIG. 4, and a capacitor CI. A signal (SHS) is applied 
to the gate of the transistor M2 to control whether the 
transistor is in a conductive or non- conductive state. 
The second sample-and-hold circuit also includes a 

15 switch, implemented in FIG. 4 as transistor M3 , and a 
capacitor C2 . A signal (SHR) is applied to the gate of 
the transistor M3 to control the state of - the transistor. 
The right-hand plate of the capacitors CI, C2 can be held 
at a reference voltage (VREF) by closing an associated 

2 0 switch, implemented in FIG. 4 as transistors M7 and M8 , 
respectively. The signal SHS also controls the state of 
the transistor M7, and the signal SHR controls the state 
of the transistor M8 . ^ 

In addition to the sample-and-hold circuits, the 

2 5 column readout circuit 52 includes a crowbar switch, 

implemented in FIG. 4 as transistor M5 , and two column 
selection switches on either side. The column selection 
switches are shown as transistors M4 and M6 . The state 
of the crowbar transistor M5 is controlled by a signal CB 

3 0 applied to its gate. Similarly, the states of the column 

selection switches M4, M6 are controlled by a signal 
(COL) applied to their respective gates. Use of the 

crowbar switch M5 can help reduce fixed pattern noise 
(FPN) which is dominated by column- to -column variations . 
35 due to the column parallel readout structure. In 
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addition to the foregoing elements, the column readout 
circuit 52 also has parasitic capacitances C7, C8 
associated with it . Those capacitances can help 
stabilize various voltages in the circuit and, therefore, 
5 can be intentionally included. 

Signals stored by the capacitors CI, C2 can be 
provided to the output stage 54 through respective 
switches implemented as transistors M9, MIO . The column 
selection signal COL applied to the respective gates of 
10 the transistors M9 , MIO controls whether those 

transistors^ M9, MIO are conductive or non- conduct ive . 
When the column selection transistor M9 (or MIO) are 
turned on, the sampling capacitor CI (or C2) is coupled 
directly to a bus 70 (or 72) . 
15 As previously mentioned, the output stage 54 of 

the charge-domain readout circuit is common to the entire - 
array 30 of pixels. Thus, although only a single column 
readout circuit 52 is illustrated in FIG. 4, multiple 
column readout circuits are coupled to the output stage : 
20 54 which includes a pair of switched integrators 74, 76. 
Each switched integrator 74 (or 76) includes an 
operational amplifier 67 (or 68) , a feedback capacitor C3 
(or C4) coupled between the output and the negative 
terminal of the operational amplifier, and a reset switch 

2 5 Mil (or M12) coupled between the output and the negative 

terminal of the operational amplifier. Each integrator 
74 (or 76) selectively can be reset by turning on the 
associated reset switch Mil (or M12) using a signal (CL) 
applied to the gate of the reset switch. A reference 

3 0 voltage (VREF) is provided to the positive terminals of 

the operational amplifiers 67, 68. The output stage 54 
also has parasitic capacitances C9, CIO associated with 
common bus lines 70, 72. 

The output signals (VOUTl , V0UT2) can be taken, 
35 respectively, from output source- follower transistors 
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M15, M17, each of which has a load transistor M16, M18 
associated with it. In the particular embodiment shown 
in FIG. 4, the transistors Ml, M2 , M3 , M4 , M5 , MS, Ml, 
MB, M9, MIO, Mil, M12, M15, M16, M17 and M18 are n- 
channel MOS (NMOS) transistors. 

In the implementation of FIG. 4, the output stage 
54 also includes coupling capacitors C5, C6 and a clamp 
circuit with p-channel MOS (PMOS) switches M13 , M14 . The 
respective drains of the clamp switches M13 , M14 are held 
at a clamp potential (VCL) . The states of the clamp 
switches M13, M14 are controlled by the inverse of the 
signal (CL) applied to the gates of the reset switches 
Mil, M12 . In some embodiments, the outputs of the 
operational amplifiers 67, 68 are coupled directly to the 
5 source -follower transistors M15, M17. In such 

embodiments, the coupling capacitors C5, C6 and the clamp 
switches M13 , M14 can be left out of the circuit. 
Similarly, in some embodiments, the outputs of the 
operational amplifiers 67, 68 can be coupled directly to 
0 a differential analog- to-digital converter. 

Exemplary values of the voltages VDD, VREF, VCL, 
VLN and VIiN2 are 3.3 V, 1.65 V, 2 V, IV and 1 V, 
respectively. Other values may be used in different 
implementations. FIG. 6 illustrates an exemplary 
5 implementation of the operational amplifier 67 (or 68) in 
which transistors M19, M20 and M21 are PMOS transistors, 
and transistors M22 and M23 are NMOS transistors. Other 
operational, amplifiers can be used in different 
implementations. Exemplary sizes for the various 
0 transistors and capacitors are listed in TABLE 1. 
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Element 


Size (W/L) 




Element 


Size (W/L) 










Ml 


3/1.2 




M2 0, M21 


50/0 . 9 


M2 , M3 


0.9/0.6 




M22, M23 


24/1.2 


M4 , M5 , M6 


2.8/0.6 








M7, M8, M9, . 
MIO, Mil, 
M12 


2.4/0 . 6 




Element 


Size (oF) 


M13, M14 


3.6/0.6 




CI, C2 


1 ■ 


M15, M17 


72/0 . 6 




C3 , C4 


0.5 


M16, M18 


36/0 .6 




C5, C6 


1 


M19 


48/0 . 9 




C7, C8, C9, 
CIO 


0.4 



TABLE 1 

The operation of the readout circuit of FIG* 4 is 
explained with reference to the timing diagram of FIG. 5. 

5 During signal integration in the pixel array 30, the row 
selection transistors, such as the transistor 64, are 
turned off by setting the row selection signal (ROW) to a 
low signal such as 0 volts (V) . Following signal 
integration, an entire row of pixels are read out 

:0 substantially simultaneously. 

In general, the readout circuit of FIG. 4 operates 
in a double sampling differential mode. First, the 
pixels in the row to be read are addressed by enabling 
the corresponding row selection transistors, for example, 

>5 row selection transistor 64. Thus, the signal value on 
photosensitive element 60 is switched through the source- 
follower transistor 62 and the row selection transistor 
64 . The sampled pixel value is switched through the 
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transistor M2 to one side of the capacitor CI by turning 
on the sampling transistor M2 . The other side of 
capacitor Cl is set and. held at the reference voltage 
(VREF) through the transistor M7 . 

After the capacitor Cl is charged to the proper 
voltage, the transistor M7 is turned off, and the 
photosensitive element 60 is reset using the reset 
transistor 66. The reset level of the pixel 50 is 
sampled by the transistor MSand stored on the capacitor 
C2, the other end of which is held at the reference 
voltage (VREF) through the transistor MS. Once the 
capacitor C2 is charged to the pixel reset value, the 
transistor M8 is turned off. 

After the initial sampling steps, the capacitors. 
Cl and C2, respectively, hold sample and reset levels. 
Each of the transistors M2 , M3 , M7, and M8 is off. Next, 
the signal and reset values corresponding to the selected 
row of pixels are sent from the respective column readout, 
circuits 52 to the output stage 54. The column readout 
0 circuits 52 are read sequentially, one at a time. 

To read out the signal and reset values stored by 
the capacitors Cl and C2 of a particular column readout 
circuit 52, the column select transistors M9 ^and MIO are 
turned on to connect the outputs of capacitors Cl and C2 
5 to the input of the respective operational amplifiers 67, 
68. The transistors M4 , M5 are turned on at about the 
same time as the transistors M9, MIO. When the 
transistors M9 , MIO are first turned on, the integrators 
74, 76 are held in reset by the transistors Mil, M12 . 
0 Resetting the switched integrators 74, 76 erases any 
previously- stored signals and restores the reference 
voltage (VREF) on the readout buses 70, 72, After the 
integrators 74, 76 have been reset, the transistors Mil, 
M12 are. turned off. Substantially simultaneously, the 
5 crowbar transistor M5 is turned on which has the effect 
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of shorting together the common sides of capacitors CI, 
C2, thereby pumping charge from capacitors CI, C2 through 
the respective transistors M9, MIO and to the integrators 
74, 76. This forces the charge from the capacitors CI, 
5 C2 onto the integrators' capacitors C3, C4 . The outputs 
of the integrators 74, 76 also charge the respective 
coupling capacitors C5, C6 . The effect is that the 
charge is driven through the circuit of the system and 
offsets are reduced or eliminated. The differential 
10 outputs (VOUTl, VOUT2) depend on the difference between 
the reset and signal voltages that were stored on the 
capacitors C2 and C3 . 

Once the signal and reset values stored in the 
particular one of the column readout circuits 52 has been 
15 read by the output stage 54, the signal and reset values 
stored in other column readout circuits can be read 
sequentially by the output stage. When all the pixels 
from the selected row have been read by the output stage 
54, the process can be repeated for a new row of pixels 
2 0 in the array 30. 

FIG. 7 shows an alternative column readout circuit 
52A and output stage circuit 54A. The primary 
differences between the column readout circuit 52 and the 
circuit 52A are the elimination of the transistors M7 and 
25 M8. Also, as shown in FIG. 7, the outputs of the 

switched integrators 74, 76 in the output stage circuit 
54A are coupled directly to a differential analog-to- 
digital converter 78. In other implementations, the 
circuit 54A can include coupling capacitors, a clamp 
30 circuit and/or output source-followers as discussed above 
with respect to FIG. 4. 

The operation of the circuit of FIG. 7 is now 
described with reference to the timing diagram of FIG. 8. 
Following signal integration, an entire row of pixels are 
3 5 read out substantially simultaneously. The pixels in the 
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row to be read are addressed by enabling the 
corresponding row selection transistors, for example, row 
selection transistor 64 . The sampled pixel value is 
switched through the transistor M2 to one side of the 
capacitor CI by turning on the sampling transistor M2 . 
The other side of the capacitor Cl is held at the 
reference voltage (VREF) by substantially simultaneously 
turning on the column selection transistor M9 and 
resetting the integrator 74, in other words , by turning 
on the reset transistor Mil- 

After the capacitor Cl is charged to the proper 
voltage, the transistors M2 , M9 and Mil are turned off, 
and the photosensitive element 60 is reset using the 
reset transistor 56. The reset level of the pixel 50 is 
sampled by the transistor M3 and stored on the capacitor 
C2 The other end of the capacitor C3 is held at the 
reference voltage (VREF) by substantially simultaneously 
turning on the column selection transistor MIO and 
resetting the integrator 76, in other words, by turning 
on the reset , transistor M12 . Once the capacitor C2 is 
charged to the pixel reset value, the transistors M3 , MIO 

and M12 are turned off. 

After these initial sampling steps, th,e capacitors 
Cl and C2, respectively, hold sample and resef levels . 
5 Each of the transistors M2 , MB, M7 , and M8 is off. Next, 
the signal and reset values corresponding to the selected 
row of pixels are sent from the respective column readout 
circuits 52A to the output stage 54A. The column readout 
circuits 52A are read out sequentially, one at a time, m 
0 the same manner as described above with respect to FIG. 
4 The column selection switches M9 and MIO are enabled, 
and at about the same time, the switches M4 , M6 on either 
side of the crowbar switch M5 also are turned on. Then, 
the crowbar switch M5 is enabled to short together the 
35 common sides of capacitors Cl, C2 , thereby pumping charge 
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from the capacitors Cl, C2 . through the respective 
transistors M9 , MIO and to the integrators 74, 76 in the 

output stage 54A. 

One advantage of the readout circuit shown in FIG. 
7 is that the reference voltage (VREF) used to set the 
voltage on the right-hand side of the capacitors Cl, C2 
during the initial sampling steps has the same value as 
the voltage at the negative input of the operational 
amplifiers 67, 68. In general, the voltage on the 
negative terminal can vary slightly from the voltage on 
the positive terminal due to an input offset. In the 
present circuit, the same voltage is used during the 
initial sampling steps and the subsequent readout stage. 
The resulting differential outputs (VOUTl, V0UT2) can, 
15 therefore, be more precise. 

During the initial sampling steps, the operational , 
amplifiers 67, 68 must charge one plate of the respective 
capacitors Cl, C2 in each of the column readout circuits 
52A at the same time, thereby introducing a slight delay, 
in contrast, according to the configuration of FIG. 4, 
the right-hand plates of the capacitors Cl, C2 are 
charged to the reference voltage (VREF) through separate 
switches M7, M8 which are part of the column readout 
circuit 52. The implementation of FIG. 4, therefore, can 
2 5 operate somewhat more quickly. 

The foregoing implementations have been explained 
assuming that the pixels operate in a photodiode mode in 
which the pixel signal value is sampled prior to the 
pixel reset value. However, in other implementations, 
the pixels can operate in a photogate mode in which the 
reset value is sampled prior to the signal value. 

several implementations of a charge-domain readout 
circuit have been described. Charge injected onto the 
bus line 70 (or 72) can be sensed using a switched 
integrator 74 (or 76) which allows the column drivers and 
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the column readout circuits to be relatively small. In 
addition, the charge-domain readout circuit can operate 
in a double sampling differential mode with a crowbar 
circuit to provide very sensitive performance. 

Other implementations are within the scope of the 
following claims. 

What is claimed is: 
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1. A charge -domain readout circuit 

comprising : 

a plurality of column readout circuits each 
of which can sample and store signal and reset values of 
an active pixel sensor, wherein each of the column 
readout circuits is associated with a respective column 
of sensors in an active pixel sensor array; 

a first bus for receiving the signal value 
stored by a selected one of the column readout circuits; 

a second bus for receiving a reset value 
stored by the selected one of the column readout 
circuits; and 

an operational amplifier-based charge sensing 
circuit, wherein the charge sensing circuit maintains a 
substantially constant voltage on the first and second 
buses and wherein the charge sensing circuit provides a 
differential output based on the values stored by the • 
selected one of the column readout circuits. 

2 . The circuit of claim 1 wherein each 
0 column readout circuit includes a plurality of sample and 
hold circuits. 

3 . The circuit of claim 2 wherein each 
sample and hold circuit includes : 

a charge storage element ; and 
5 . a first switch which selectively can be 

enabled to sample a value from a . sensor in the array to 
be stored by the charge storage element . 

4 . The circuit of claim 3 wherein each 
column readout circuit includes a plurality of second 

0 switches which selectively can be enabled to hold one 
side of the charge storage elements at a reference 
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voltage when a corresponding one of the first switches is 
enabled to sample a value from a sensor. 

5 . The circuit of claim 3 wherein each 
column readout circuit includes a switch which 
selectively can be enabled to short together one side of 
each charge storing element . 

6. The circuit of claim 1 wherein the charge 
sensing circuit includes: 

a first switched integrator coupled to the 

first bus; and 

a second switched integrator coupled to the 

second bus . 

7. The circuit of claim 1 wherein each 
column readout circuit includes a plurality of capacitive 
elements for storing correlated double sampled signal and 
reset values from a sensor in the array. 

8. The circuit of claim 7 wherein each 
column readout circuit includes a crowbar switch which 
selectively can be enabled to short together respective 
first sides of the capacitive elements, 

9 . The circuit of claim 6 wherein each of 
the first and second switched integrators includes: 

an operational amplifier; 

a feedback capacitive element coupled between 
an output and a first input of the operational amplifier; 
and 

a switch coupled between the output and the 
first input of the operational amplifier to selectively 
reset the switched integrator. 
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10. The circuit of claim 9 wherein each 
operational amplifier includes a reference voltage 
coupled to a second input of the operational amplifier. 

11. The circuit of claim 10 wherein each 
column readout circuit includes: 

a pair of sample and hold circuits, each of 
which includes a charge storage element and a first 
switch which selectively can be enabled to sample a value 
from a sensor in the array to be stored by the charge 
storage element; 

wherein each switch in the switched 
integrators selectively can be enabled to hold one side 
of a corresponding one of the charge storage elements at 
the reference voltage when a corresponding one of the 
first switches is enabled to sample a value from the 
sensor. 

12 . The circuit of claim 6 wherein each 
column readout circuit includes: 

a pair of sample and hold circuits, each of 
which includes a charge storage element, a first switch 
which selectively can be enabled to sample a value from a 
sensor in the array to be stored by the charge storage 
element, and a second switch which selectively can be 
enabled to couple the charge storage element directly to 
one of the buses . 

13. A CMOS imager comprising: 
an array of CMOS active pixel sensors; 
a plurality of column readout circuits each 
of which can sample and store signal and reset values of 
an active pixel sensor, wherein each of the column 
readout circuits is associated with a respective column 
of sensors in the array; 
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a first bus for receiving the signal value 
stored by a selected one of the column readout circuits; 

a second bus for receiving a reset value 
stored by the selected one of the column readout 

circuits; and 

an operational amplifier-based charge sensing 
circuit, wherein the charge sensing circuit maintains a 
substantially constant voltage on the first and second 
buses and wherein the charge sensing circuit provides a 
differential output based on the values stored by the 
selected one of the column readout circuits. 

14 . The circuit of claim 13 wherein each 
column readout circuit includes a plurality of capacitive 
elements for storing correlated double sampled signal and 
reset values from a sensor in the array. 

15, The circuit of claim 14 wherein each 
column readout circuit includes a crowbar switch which 
selectively can be enabled to short together respective 
first sides of the capacitive elements. 

16. The circuit of claim 13 wherein the 
operational amplifier-based charge sensing circuit 
includes a pair of switched integrators, 

17 , The circuit of claim 16 wherein each of 
the switched integrators includes: 

an operational amplifier; 

a feedback capacitive element coupled between 
an output and a first input of the operational amplifier; 
and 

a switch coupled between the output and the 
first input of the operational amplifier to selectively 
reset the switched integrator. 
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18. A CMOS imager comprising: 
an array of CMOS active pixel sensors; 
a plurality of column readout circuits each 
of which is associated with a respective column of 
sensors in the array and which can perform correlated 
double sampling of values from a sensor in the respective 
column; 

an operational amplifier-based charge sensing 
circuit including a pair of switched integrators for 
providing a *^dif f erential output based on values stored by 
a selected one of the column readout circuits; 

a pair of buses each of which is coupled to a 
respective one of the switched integrators and each of 
which selectively can be coupled to an output of any one 
of the column readout circuits; 

wherein each column readout circuit further 
includes a crowbar switch which selectively can be 
enabled to force the values stored by the column readout 
circuit to one of the switched integrators via a 
corresponding one of the buses . 

19. A method of reading out values from 
active pixel sensors in an array of sensors, the method 
comprising: 

selecting a row of sensors whose values are 

5 to be read out; 

storing correlated double sampled values for 
a plurality of sensors in the selected row, wherein the 
values for each sensor are stored by a respective readout 
circuit associated with a column in the array in which 
0 the sensor is located; 

sensing the stored values associated with the 
plurality of sensors in the selected row using an 
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operational amplifier-based charge sensing circuit that 
is common to the readout circuits; and 

sequentially providing a differential output 
from the sensing circuit for each of the plurality of 
sensors in the selected row. 

20. The method of claim 19 wherein the act of 
storing correlated double sampled values includes 
sampling and storing a signal value of a sensor and 
sampling and storing a reset value of the sensor. 

21. The method of claim 2 0 including setting 
a reference voltage on first sides of respective 
capacitive elements and subsequently coupling the signal 
and reset values to second sides of the respective 
capacitive elements . 

22. The method of claim 21 wherein setting a 
reference voltage includes providing the reference 
voltage from the common operational amplifier-based 
charge sensing circuit. 

23. The method of claim 19 wherein sensing 
the stored values includes using a crowbar switch to 
force charge stored in each respective readout circuit 
onto feedback capacitive elements in the operational 
amplifier-based charge sensing circuit. 
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